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Summary
Purpose:  To  evaluate  the  feasibility  and  reliability  of  free  vascularized  ﬁbular  graft  with  skin
island ﬂap  for  reconstruction  of  large  diaphyseal  bone  defect.
Method:  The  clinical  results  of  vascularized  ﬁbular  graft  and  experiences  related  to  the  impor-
tance and  reliability  of  a  monitoring  island  ﬂap  for  the  reconstruction  of  various  long-bone
defects were  reviewed  in  87  patients.
Results:  Bony  reconstruction  was  achieved  in  82  of  the  87  patients.  Arterial  thrombosis  of
anastomosed  vessel  in  two  patients  and  venous  congestion  of  monitoring  ﬂap  in  nine  patients
occurred  in  the  early  postoperative  periods.  All  of  them  were  managed  by  immediate  thrombec-
tomy and  reanastomosis,  alternatively  the  thrombotic  veins  were  replaced  by  new  veins  to
anastomose  with  the  superﬁcial  veins  in  ﬁve  patients.  Partial  ﬂap  necrosis  was  noted  in  six
patients, but  additional  surgical  intervention  was  not  required.  The  vascularized  ﬁbula  sur-
vived and  bony  fusion  was  achieved  in  all  patients.  Postoperative  stress  fractures  of  the  ﬁbula
graft occurred  in  19  (21.8%)  patients  (once  in  seven  patients,  twice  in  ﬁve  patients,  three  or
more times  in  seven)  as  the  mechanical  stress  to  the  graft  increased.  Included  fracture  on  the
tibia in  12  patients,  humerus  in  one  and  femur  in  six.  Treatments  included  casting  in  11  patients,
percutaneous  pinning  in  one  case,  and  adjustment  of  external  ﬁxator  in  seven  patients.  Bony
union was  ﬁnally  achieved  an  average  of  9.6  months  after  fracture.
Conclusions:  Correct  alignment  between  the  recipient  bone  and  the  external  ﬁxator  is  a  pre-
requisite  to  preventing  graft  fracture.  Vascularized  ﬁbula  transfer  is  a  valuable  procedure  for
long-bone  defects,  and  a  skin  isl
method for  assessing  the  vascul
Level of  evidence:  Level  IV.  Ret
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than  the  recipient  bone  defect  (Fig.  2).  In  this  process,  we
should  make  sure  that  the  blood  supply  of  both  the  skin  ﬂap
and  the  ﬁbula  was  normal  before  cutting  off  the  pedicles.Figure  1  A.  A  ﬁbular  with  a  small  skin  island  ﬂap  was  taken  o
cm longer  than  the  recipient  bone  defect  for  ﬁxation.
Vascularized  bone  transfer  has  been  used  in  the  treat-
ment  of  skeletal  defects  that  are  more  than  six  centimeters
long,  particularly  those  defects  associated  with  inadequate
vascularity  of  the  surrounding  soft-tissue  [1—5]. Conse-
quently,  many  more  superior  results  than  with  conventional
treatment  have  been  reported  [6—11]. However,  there  have
been  other  reports  on  the  disadvantages  of  this  procedure,
such  as  stress  fracture  of  the  grafted  ﬁbula,  complete  or
partial  necrosis  of  the  skin  ﬂap,  and  morbidity  at  the  donor-
site  [12—14]. To  improve  the  success  rate  of  vascularized
ﬁbular  transfers  into  a  buried  area,  it  is  important  to  moni-
tor  the  circulation  of  the  island  ﬂap  during  the  early  stage.
In  our  experience,  a  skin  island  based  on  perforators  from
the  peroneal  vessels  serve  as  a  continuously  monitor  for  the
ﬂap  vascularity,  includes  such  advantages  as  simplicity,  reli-
ability,  non-invasiveness,  and  the  ability  to  ﬁll  associated
soft-tissue  defects.  The  purpose  of  the  current  study  was  to
review  the  clinical  results  of  87  free  vascularized  osteocu-
taneous  ﬁbular  grafts  carried  out  for  the  reconstruction  of
long-bone  defects  and  the  experiences  related  to  the  impor-
tance  and  reliability  of  a  monitoring  island  ﬂap  from  March
1988  to  February  2004.
Patients and methods
From  March  1988  to  February  2004,  87  patients  with
long-bone  defects  over  6  cm  in  length  received  vascularized
ﬁbular  graft  including  a  monitoring  skin  island  ﬂap  in  our
department.  There  were  52  men  and  35  women  in  the
study,  with  an  average  age  of  32.3  years  (range,  4  to  52
years).  The  bone  defects  were  caused  by  trauma  in  53
patients,  infection  in  10  patients,  tumor  in  18  patients  and
malformation  in  six  patients.  The  recipient  sites  were  the
femur  in  14  patients,  tibia  in  37  patients,  humerus  in  15
patients,  ulna  in  eight  patients,  and  radius  in  13  patients.
The  mean  length  of  the  bony  defect  was  11.5  cm  (range:
6.5  to  20  cm)  and  the  mean  length  of  the  ﬁbular  graft
was  16.5  cm  (range:  10.5  to  24  cm).  The  average  length
of  time  for  surgical  procedures  was  255  minutes  (range:
195  to  365  minutes),  mean  blood  lost  was  340  mL  (range:
250  to  710  mL),  and  mean  blood  supply  was  400  mL  (range:
200  to  800  mL).  All  the  87  patients  received  operations  at
different  time  points.  Among  them,  17  patients  received
F
ﬂ donor  leg,  (about  5  cm  ×  3  cm).  B.  The  donor  ﬁbula  was  4  to  5
ne  operation,  31  patients  received  two  operations,  and
9  patients  received  more  than  two  operations.  All  the  87
atients  received  vascularized  ﬁbular  grafts  including  a
mall  skin  island  ﬂap  (about  5  cm  × 3 cm)  to  monitor  the
arly  vascular  status  or  a  cutaneous  ﬂap  was  designed  about
0%  larger  than  the  skin  defect,  to  prevent  postoperative
irculatory  disturbance  by  contraction  or  swelling  (Fig.  1).
Preoperatively,  53  patients  were  examined  by  Doppler
pectrum  analyzer  to  select  proper  vessels  at  the  donor  and
ecipient  sites,  and  14  patients  were  found  to  have  only  one
ain  artery  in  the  limbs.  The  artery  on  the  external  side  of
he  donor’s  ﬁbula  was  monitored  with  a Doppler  blood  ﬂow
onitor  in  all  patients  to  design  the  monitoring  island  ﬂap
f  required  size  (Fig.  2).
Operations  at  the  donor  and  the  recipient  sites  were
erformed  by  two  teams  simultaneously  on  a  supine  posi-
ion.  In  ﬁbula  donor-site  team,  an  incision  was  made  behind
he  required  island  ﬂap  to  expose  and  conﬁrm  the  peroneal
rtery.  Then  the  incision  was  extended  to  form  an  island  ﬂap
about  5  cm  ×  3  cm)  and  the  ﬁbular  vessels  were  exposed
long  this  subcutaneous  island  ﬂap  to  form  a  vascularized
bular  graft.  The  donor  ﬁbula  should  be  4  to  5  cm  longerigure  2  Before  the  operation,  with  the  help  of  Doppler  blood
ow, the  monitoring  island  ﬂap  was  designed  at  the  donor-site.
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Figure  3  A.  The  monitoring  island  ﬂap  was  sutured,  ﬂoating  like  a  kite,  to  the  edge  of  the  newly-created  incisional  wound  along
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fhe cutaneous  artery.  A  drainage  tube  was  placed  and  the  incis
as alive  as  a  part  of  the  donee.
n  recipient  site  team,  the  bone  defect  was  exposed  and
he  scar  tissues  caused  by  injury  or  inﬂammations  were
xcised  thoroughly.  The  bone  marrow  cavity  was  opened
nd  enlarged  for  the  ﬁbular  graft.  A  good  recipient  vessel
hould  be  selected.  The  deep  brachial  artery,  radial  artery,
lnar  artery  and  its  accompanying  veins  in  the  upper
xtremities,  saphenous  artery,  anterior  tibial  artery  and  its
ccompanying  veins  in  the  lower  extremities  were  often
elected  for  anastomosis.  In  addition,  one  superﬁcial  vein,
uch  as  cephalic  vein  or  great  saphenous  vein  was  often
ecessary.  Arterial  anastomoses  were  performed  with  the
nd-to-end  method  in  63  patients  and  end-to-side  method  in
4  patients.  All  the  donor  peroneal  veins  were  anastomosed
ith  the  corresponding  deep  veins  except  nine  donor  veins
ith  the  superﬁcial  veins.  The  ratio  of  arteries  to  veins  was
:2.  The  monitoring  island  ﬂap  was  sutured,  ﬂoating  like
 kite,  to  the  edge  of  the  newly-created  incisional  wound
long  the  cutaneous  artery.  A  drainage  tube  was  placed
nd  the  incision  was  closed  (Fig.  3A)  window  was  opened
n  the  dressing  to  expose  the  monitoring  island  ﬂap  for
ostoperative  observation  (Fig.  4B).
Fixation  of  ﬁbular  grafts:  at  the  early  period,  com-
ined  internal  ﬁxation  with  screws  or  pin  and  external
xation  with  plaster  were  used  in  19  cases  (include  ﬁve
aediatric  patients)  and  mono-arm  external  frame  ﬁxators
ere  used  in  22  cases.  Mono-arm  external  frame  ﬁxator
nd  calcaneum  bone  traction  were  used  in  nine  cases.
a
g
a
igure  4  A.  vascularized  ﬁbular  transplants  were  monitored  cont
CO2 and  PO2 monitoring  device  MicroGas  7650-500.  B.  A  window  w
or postoperative  observation.as  closed.  B.  Three  month  after  the  operation,  the  island  ﬂap
t  the  late  period,  arbeitsgemeinschaft  osteosynthesefra-
en  (AO)  wave  or  bridge  plates  were  used  in  the  rest  46
ases.
Postoperative  management:  after  surgery,  the  island  skin
hould  be  checked  periodically  for  color,  capillary  reﬁll  and
ven  bleeding  after  needle  prick.
Along  with  clinical  assessment  of  the  blood  ﬂow  to
he  skin  island,  our  vascularized  ﬁbular  transplants  were
onitored  continuously  for  2  weeks  postoperatively  with
 transcutaneous  PCO2 and  PO2 monitoring  device  Micro-
as  7650-500  (Kontron  Instruments  Medical  Sensors,  Basel,
witzerland),  with  the  MicroGas  7650-500  probe  attached
o  the  center  of  the  skin  paddle  with  use  of  double-sided
dhesive  rings  (Fig.  4A).
When  cyanosis  of  the  skin  island  was  being  developed
fter  operation,  and  temperature  being  decreased,  elas-
icity  being  bad,  capillary  circulation  being  abnormal,
ombined  evaluation  with  the  value  of  transcutaneous
xygen  (PtcO2)  falls  below  10  mmHg  and  transcutaneous
arbon  dioxide  (PtcCO2)  increase  exceeds  55  mmHg,  surgical
xploration  is  needed.
In  the  lower  extremity,  reconstructed  limbs  were  casted
or  3  months  in  patients  with  screws  ﬁxation  alone,  gradu-
lly  increasing  weight-bearing  is  permitted  with  the  aid  of long  brace  and  crutches.  When  sound  clinical  and  radio-
raphic  union  of  the  graft  is  evident,  full  weight-bearing  is
llowed.
inuously  for  two  weeks  postoperatively  with  a  transcutaneous
as  opened  in  the  dressing  to  expose  the  monitoring  island  ﬂap
Skin  island  ﬂap  as  predictor  of  ﬁbula  graft  post-operative  viabili
Figure  5  Fibula  imaging  after  ﬁbular  grafts  with  monitoring
island ﬂop  in  a  patient  with  ﬁbrous  dysplasia  of  bone  in  middle
and below  area  of  left  tibia.  A.  Immediately  after  operation.  B.
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nThree  months  after  operation.  C.  Six  months  after  operation.  D.
Fourteen  months  after  operation.  E:  10  years  after  operation.
Functional  assessments  were  preformed  using  the  muscu-
loskeletal  tumor  society  classiﬁcation  at  last  follow-up  visit
[15].
Results
The  average  follow-up  period  was  4.3  years  (range,  1.9  to
16  years).  Among  the  total  87  grafts,  82  of  the  grafted
ﬁbula  united  with  the  recipient  bone  at  an  average  of  4.6
months  (range:  3  to  8.1  months)  after  operation  (Fig.  5);  two
patients  failed  to  unite,  and  the  other  three  showed  delayed
union.  Hypertrophy  was  not  calculated  for  the  21  patients
involving  the  radius  and  ulnas.  Hypertrophy  could  be  seen
in  all  grafted  ﬁbulae  in  lower  extremity  and  humera  recon-
struction,  hypertrophy  was  observed  between  6  months  and
12  months  after  the  operation,  more  early  in  the  adoles-
cent  patients,  which  was  between  4  months  and  10  months
after  the  operation.  Among  the  51  patients  with  defects  in
the  lower  extremities,  partial  and  full  weight-bearing  could
be  permitted  at  an  average  of  4.3  and  7.5  months  after
operation,  respectively.  The  results  of  the  functional  assess-
ments  are  listed  in  Table  1  according  to  Chen  [2]  and  other
functional  evaluation  programs  of  lower  limb  replantation.
The  skin  island  ﬂaps  were  normal  in  78  patients  and
cyanosis  of  the  skin  island  developed  in  11  patients  at
6  to  49  hours  after  operation.  According  to  the  color,
temperature,  elasticity,  capillary  circulation,  the  value  of
transcutaneous  oxygen  (PtcO2)  falls  below  10  mmHg  and
transcutaneous  carbon  dioxide  (PtcCO2)  increase  exceeds
55  mmHg,  surgical  exploration  in  11  patients  found  that  cir-
culatory  problems  included  two  arterial  thrombosis  and  nine
patients  of  venous  congestion  of  the  monitoring  ﬂap.  All
of  them  were  managed  by  immediate  thrombectomy  and
reanastomosis,  or  the  thrombotic  veins  were  replaced  by
new  veins  to  anastomose  with  the  superﬁcial  veins  in  ﬁve
patients.  Partial  edge  necrosis  of  the  ﬂap  was  noted  in  six
patients  on  7  to  14  days  after  operation,  but  additional  sur-
gical  intervention  was  not  required.  All  skin  island  ﬂaps  were
survived  without  subside  or  necrotic.
Postoperative  stress  fractures  of  the  ﬁbula  graft  occurred
in  19  (21.8%)  patients  (once  in  seven  patients,  twice  in
b
b
s
rty  579
ve  patients,  three  or  more  times  in  seven),  included  the
ibia  in  12  patients,  humerus  in  one,  and  femur  in  six.  The
verage  duration  between  fracture  and  reconstruction  was
.1  months  (range,  1  to  8  months).  In  15  patients,  frac-
ure  occurred  after  bony  fusion  was  achieved.  Treatments
ncluded  casting  in  11  patients,  percutaneous  pinning  in  one
ase,  and  adjustment  of  external  ﬁxator  in  seven  patients.
ony  fusion  was  ﬁnally  achieved  at  an  average  of  9.6  months
fter  fracture.
None  of  the  patients  had  pain  in  the  donor-site,  but  there
ere  some  soft-tissue  donor-site  complications  as  follow-
ng.  Mild  clawing  of  the  big  toe  due  to  tight  sutures  of  the
exor  hallucis  longus  muscle  at  its  origin  developed  in  two
atients,  but  patients  did  not  complain  of  walking  distur-
ance.  Mild  weakness  (grade  4/5)  of  the  extensor  hallucis
ongus  was  observed  in  eight  patients,  and  there  was  no
eakness  involving  the  ankle.  Paresthesia  on  the  dorsum  of
he  foot  or  calf  area  was  noted  in  11  patients  during  the  ﬁrst
ew  postoperative  months,  but  disappeared  by  follow-up  in
ll  patients.
iscussion
arge  diaphyseal  bone  defect  in  the  limb  may  be
econstructed  using  different  surgical  techniques.  Conven-
ional  options  include  cancellous  bone  graft,  autologous
on-vascularised  ﬁbula  graft,  allograft,  bone  substitutes
echniques.  Non-vascularised  autografts  [16]  is  reserved
o  small  bone  defects  but  are  not  indicated  in  the  case
f  long  bony  defects,  especially  in  infected,  scarred  and
oorly  vascularised  beds.  Allograft  reconstruction  maintains
 role  in  tumour  cases  [17]  and  a  very  stable  osteosynthesis
s  mandatory  and  prolonged  immobilization  recommended
ecause  of  healing  by  creeping  substitution.  However,  when
arge  diaphyseal  bone  defect  exceeds  6  cm,  the  vascu-
arized  bone  free  transfer  and  distraction  osteogenesis
ith  the  Ilizarov  bone  transport  method  have  been  widely
ccepted  and  emerged  as  gold  standards  [18—21]. Vas-
ularized  ﬁbular  transfers  are  generally  accepted  as  an
stablished  procedure  for  the  reconstruction  of  composite
egmental  long-bone  defects  [18]. Otherwise,  microsurgical
echnique  demanding,  time  consuming,  Vessels  being  sac-
iﬁced  are  disadvantages  of  vascular  zed  ﬁbular  grafting
19].  The  Ilizarov  method  is  a  very  satisfactory  technique
or  the  reconstruction  of  long-bone  defects  accompanied
ith  soft-tissue  problem,  however,  successful  result  depend
n  surgical  experience  and  patient’s  collaboration  [21].
ioactive  membranes,  intramedullary  lengthening  devices,
steogenic  proteins  and  tissue  engineering  are  novel  tech-
iques  for  larger  bone  defects,  which  have  arisen  during
he  last  10  years.  Bioactive  membranes  include  two  dif-
erent  techniques:  Masquelet  induced  membrane  technique
nd  bioresorbable  polylactide  membranes  technique,  have
een  effectively  used  experimentally.  Masquelet  [22,23]
escribed  induced  membrane  combined  with  cancellous
utografts  to  reconstruct  long-bone  defects,  which  opens
ew  perspectives.  However,  bioresorbable  polylactide  mem-
ranes  described  by  Cobos,  Lindsey  and  Gugala  may  isolate
one  graft  from  the  soft-tissue,  which  leads  to  necro-
is  [23,24].  Intramedullary  lengthening  devices  have  been
eported  to  overcome  the  long  period  of  external  ﬁxation
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Table  1  The  results  of  the  functional  assessments.
Work  ability  Joint  activity  The  recovery  of
sensory
Muscular
strength
Results  (%)
I  level  (excellent)  Return  to  previous
recreational  and
occupational  levels  with
no  pain
>  60%  of
contralateral
Complete
recovery
4∼5  level  67  (77.0)
II level  (good)  Return  to  preoperative
activities  some  with
restrictions
>  40%  of
contralateral
Complete
recovery  with
some
restrictions
3∼4  level  15  (17.2)
III level  (fair)  With  mild  pain  or
signiﬁcant  functional
limitations,  unable  to
return  to  work  or  play
status
>  30%  of
contralateral
Incomplete
recovery
2∼3  level  4  (4.6)
IV level  (poor)  With  signiﬁcant  pain  and
signiﬁcant  functional
limitations
<  30%  of
contralateral
Poor  recovery  0∼1  level  1  (1.2)
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iormally  needed  during  lengthening,  and  will  provide  a
ne-stage  alternative  to  external  ﬁxators  for  reliable  dis-
raction  osteogenesis  [25,26].  However,  patient  compliance
nd  effective  monitoring  of  the  distraction  are  essential,
ecause  of  the  rate  of  distraction  is  determined  by  the
atient’s  activity  level  [27]. Osteogenic  proteins  and  tissue
ngineering  may  overcome  difﬁculties  for  reconstruction  of
arge  diaphyseal  bone  defect  and  create  opportunities  not
reviously  imagined  in  the  future  [28,29].
Previous  basic  and  clinical  research  demonstrated  the
nherent  advantages  of  vascularized  bone  [1,3,7]. The  vas-
ularized  ﬁbula  graft  is  considered  the  most  suitable  graft
or  reconstructing  long  bones  because  of  its  straight  shape,
ufﬁcient  length,  mechanical  strength,  predictable  vascular
edicle,  and  limited  donor-site  morbidity  [16,18,19]. Yet  the
atency  of  microvascular  anastomosis  is  difﬁcult  to  monitor
ecause  the  ﬁbular  graft  deeply  buried.
Selective  angiography  and  technetium-99  m  bone  scan-
ing,  and  digital  subtraction  angiogram  have  all  been  used  to
ssess  the  viability  of  the  transferred  ﬁbular  graft.  Angiogra-
hy  and  bone  scanning  are  difﬁcult  to  use  routinely  because
hey  are  expensive  and  invasive  procedures  that  require
ighly  sophisticated  equipment.  Even  if  they  are  used,
ontinuous  monitoring  is  impossible.  Therefore,  ultrasound
oppler  tracing  has  been  used  because  it  is  simple  and  nonin-
asive.  However,  although  Doppler  ultrasound  is  an  indirect
ethod  of  surveillance,  it  is  limited  by  the  interference  of
ther  vessels  in  the  extremities,  it  cannot  be  performed  fre-
uently  enough  to  be  useful,  and  it  requires  special  skill  and
ophisticated  equipment  [30].
Accordingly,  clinical  assessment  of  the  tissue  color,  tur-
or,  capillary  reﬁll,  and  bleeding  of  skin  island  monitoring
ap  would  seem  to  be  the  most  effective  method  of  assess-
ng  the  viability  of  a  vascularized  ﬁbular  graft.  However,  the
reatment  of  postoperative  venous  congestion  of  the  moni-
oring  ﬂap  is  still  controversial.  Minami  et  al.  [31]  reported
hat  they  performed  thrombectomy  in  all  14  patients  of
c
ﬁ
fostoperative  thrombosis.  However,  Han  et  al.  [32]  did  not
erform  thrombectomy  and  managed  such  patients  with  a
rolonged  period  of  immobilization  and  a  delay  in  weight-
earing.  Lee  and  Park  [8]  also  mentioned  that  a  failed
utaneous  ﬂap  does  not  always  indicate  a  failed  ﬁbular  graft.
ostoperative  circulation  of  the  ﬂap  was  greatly  inﬂuenced
y  edema  or  the  local  tension  of  skin  closure,  especially
n  femur  reconstruction  [33]  Although  the  skin  paddle  of
he  ﬁbula  osteocutaneous  ﬂap  has  been  considered  unre-
iable  [34], Wei  et  al.  reported  no  isolated  skin  ﬂap  loss  in
0  extremity  reconstructions  and  27  composite  mandibular
econstructions  [35].
In this  study,  the  monitoring  island  ﬂap  presented  cir-
ulatory  problems  within  49  hours  after  operation  in  11
atients,  surgical  exploration  was  performed  timely  and  the
lood  supply  was  recovered  instantaneously.  To  our  expe-
ience,  the  skin  island  provides  a  non-doubtful  indicator
f  ﬁbula  graft  viability,  and  we  also  agree  with  that  per-
aps  most  critical  factor  that  may  result  in  failure  of  union
nd/or  hypertrophy  is  questionable  viability  of  the  ﬁbula
raft  [4,36].
Along  with  clinical  assessment,  supplemental  monitor-
ng  device  MicroGas  7650-500  was  used  to  be  monitoring
he  transcutaneous  PCO2 and  PO2 of  the  vascularized  ﬁbula
raft  continuously  for  two  weeks  postoperatively.  In  a  recent
tudy  of  30  free  ﬂaps,  we  found  that  the  monitoring  device
dentiﬁed  developing  complications  before  clear  clinical
ndices  appeared  [37]. The  observed  trend  of  the  monitoring
evice  measurements  was  more  important  than  the  absolute
alues  were.  The  results  of  that  study  indicated  that  if  the
elative  value  of  transcutaneous  oxygen  (PtcO2) falls  below
0∼15  mmHg  and  transcutaneous  carbon  dioxide  (PtcCO2)
ncrease  exceeds  43∼55  mmHg,  the  ﬂap  is  at  risk  and  surgi-
al  exploration  should  be  strongly  considered.
The  most  common  complication  is  fracture  of  the  grafted
bula.  De  Boer  and  Wood  [3]  reported  an  average  25%  rate  of
racture  of  the  grafted  ﬁbula  within  a  year  after  operation,
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[Skin  island  ﬂap  as  predictor  of  ﬁbula  graft  post-operative  vi
and  up  to  a  possible  40%,  especially  in  the  lower  extremity.
Doi  et  al.  [12]  reported  a  15.4%  of  ﬁbular  fracture  rate.
When  a  free  ﬁbula  was  used  as  the  sole  bony  replacement
in  lower  extremity  reconstruction,  stress  fractures  were
common,  ranging  from  9%  to  22%  [38,39].  The  ﬁbula  is  still  a
narrow  and  weaker  bone  than  the  original  long-bone  defects
in  low  extremity,  especially  the  femur.  In  a  cadaver  study,
the  cortical  cross-sectional  area  of  the  mid  femur  was  384
mm2,  whereas  that  of  the  ﬁbula  was  102  mm2 [40]. Even
when  its  diameter  has  increased  after  union,  a  single-strut
ﬁbular  graft  is  unlikely  to  withstand  full  loading.  But  it  is
sufﬁcient  in  many  patients  of  the  humerus,  radius.
In  our  study,  fractures  of  the  grafted  ﬁbula  were  noted  in
19  patients  (21.8%),  which  were  consistent  with  the  results
aforementioned  in  the  literature,  but  were  inconsistent  with
the  expected  results  in  favour  of  the  postoperative  mon-
itoring  with  monitoring  ﬂap.  So  there  may  be  still  some
problem  in  the  validity  of  the  skin  island  to  assess  the  vascu-
larization  of  the  ﬁbula  transfer.  In  case  of  a  stretch  on  the
skin  pedicle,  especially  when  the  bone  transfer  is  deeply
buried  as  in  femur  reconstruction,  may  lead  to  a  skin  necro-
sis  while  the  bone  remains  well  vascularized.  On  the  other
hand,  late  thrombosis  of  the  bone  transfer  may  be  under-
estimated  because  skin  paddle  has  been  revascularized  by
surrounding  tissues,  which  may  result  in  stress  fractures  and
lack  of  hypertrophy.  It  is  essential  to  improve  the  reliability
of  a  monitoring  ﬂap,  and  is  recommended  that:
•  the  skin  island  must  contain  one  or  more  skin  branches  of
peroneal  artery  and  vein;
• it  is  also  important  to  avoid  any  torsion  or  tension  of  the
perforator;
•  a  monitoring  ﬂap  be  larger  than  1  ×  2  cm  to  because  early
detection  of  an  arterial  occlusion  is  difﬁcult  when  the
monitoring  ﬂap  is  too  small,  because  the  pale  color  is
obscured  by  the  surrounding  normal  skin  [30];
•  the  island  ﬂap  and  the  ﬁbular  graft  have  normal  blood
supply  before  cutting  off  the  pedicles  and  after  revascu-
larization.
The  graft  fractures  in  our  series  occurred  when  the
mechanical  stress  to  the  graft  increased  by  initiating  par-
tial  weight-bearing  or  removing  the  external  ﬁxator.  Han
et  al.  [32]  reported  that  the  initiation  of  weight-bearing  or
increased  use  of  the  extremity  before  adequate  hypertro-
phy  of  the  bone  would  cause  a  stress  fracture.  Arai  et  al.
[41]  reported  that  correct  alignment  between  the  recipient
bone  and  the  external  ﬁxator  is  a  prerequisite  to  preventing
graft  fracture.
To  avoid  fracture  of  ﬁbular  grafts,  we  think  any  malalign-
ment  between  the  recipient  bone  and  external  ﬁxator  should
be  corrected  before  weight-bearing.  And  the  lower  extrem-
ities  should  not  bear  weight  within  6  months,  and  should
increase  weight-bearing  only  gradually  after  6  months  post-
operatively.  In  patients  of  upper  extremities,  the  forearms
need  hanging  for  3  months.  If  fracture  occurs,  plaster  holder
or  external  ﬁxation  should  be  used  and  the  fracture  is  usually
healed  in  4  to  6  weeks.  The  healing  and  molding  potentials  of
the  ﬁbular  grafts  are  so  great  because  of  sufﬁcient  and  spe-
ciﬁc  blood  supply  together  with  stable  and  reliable  internal
ﬁxation.
[ty  581
Concerning  ﬁxation  of  ﬁbular  grafts,  to  our  experience,
he  principles  of  ﬁbular  graft  ﬁxation  are  simplicity,  relia-
ility,  and  early  activity  without  pain.  Classically,  external
xation  using  a  monolateral  frame  or  cast  was  the  preferred
ethod  of  ﬁxation  to  maximize  graft  hypertrophy  [3,32,42].
owever,  it  had  been  associated  with  many  problems  such
s  instability,  and  pin  track  infection  with  consequent  frame
oosening  which  eventually  led  to  high  incidence  of  delayed
nd  non-union  in  the  Mayo  Clinic  series  of  160  vascularized
one  grafts  [15], the  most  favorable  rate  of  union  following
he  primary  procedure  was  in  patients  who  had  internal
xation,  and  the  least  favorable  rate  was  in  those  who  had
xternal  ﬁxation  (71%  vs.  47%).  On  the  other  hand,  rigid
nternal  ﬁxation  was  usually  blamed  for  its  stress-shielding
ffect,  which  may  prevent  signiﬁcant  graft  hypertrophy
43].  In  this  study,  to  our  experience,  we  think  bridge  plates
xation  may  be  a  preferred  choice  for  low  extremity  in
dult,  which  allows  early  axial  loading  of  the  graft,  and  will
timulate  graft  hypertrophy  in  theory.
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